[Adrenoleukodystrophy: structure and function of ALDP, and intracellular behavior of mutant ALDP with naturally occurring missense mutations].
Adrenoleukodystrophy (ALD) is an inherited disorder characterized by progressive demyelination of the central nervous system and adrenal dysfunction. The biochemical characterization is based on the accumulation of pathgnomonic amounts of saturated very long-chain fatty acid (VLCFA; C>22) in all tissues, including the brain white matter, adrenal glands, and skin fibroblasts, of the patients. The accumulation of VLCFA in ALD is linked to a mutation in the ALD (ABCD1) gene, an ABC subfamily D member. The ALD gene product, so-called ALDP (ABCD1), is thought to be involved in the transport of VLCFA or VLCFA-CoA into the peroxisomes. ALDP is a half-sized peroxisomal ABC protein and it has 745 amino acids in humans. ALDP is thought to be synthesized on free polysomes, posttranslationally transported to peroxisomes, and inserted into the membranes. During this process, ALDP interacts with Pex19p, a chaperone-like protein for intracellular trafficking of peroxisomal membrane protein (PMP), the complex targets Pex3p on the peroxisomal membranes, and ALDP is inserted into the membranes. After integration into the membranes, ALDP is thought to form mainly homodimers. Here, we chose nine arbitrary mutations of human ALDP with naturally occurring missense mutations and examined the intracellular behavior of their ALDPs. We found that mutant ALDP (S606L, R617H, and H667D) was degraded together with wild-type ALDP by proteasomes. These results suggest that the complex of mutant and wild-type ALDP is recognized as misfolded proteins and degraded by the protein quality control system associated with proteasomes. Further, we found fragmentation of mutant ALDP (R104C) on peroxisomes and it was not inhibited by proteasomes inhibitors, suggesting that an additional protease(s) is also involved in the quality control of mutant ALDP. In addition, mutation of ALDP (Y174C) suggests that a loop between transmembrane domains 2 and 3 is important for the targeting of ALDP to peroxisomes.